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Abstract
Purpose The objective was to study the association of
different timings of intrapartum interventions with labour
duration and mode of birth.
Methods A longitudinal cohort study of 2,090 nulliparae
and 1,873 multiparae with a singleton in cephalic presen-
tation was conducted. We assessed the association between,
on the one hand, the timing of augmentation with oxytocin,
neuraxial analgesia and amniotomy, and, on the other hand,
the time to complete dilatation, spontaneous or operative
vaginal delivery or caesarean delivery, using a Cox
regression model accounting for standard confounders.
Results From amniotomy onwards labour was acceler-
ated. In multiparae, amniotomy was associated with an
initial 6.6-fold acceleration, decreasing first stage duration
until the hazard ratio reached around 3.5, where the inter-
vention was performed 5 h after labour onset; thereafter,
acceleration continued with a hazard ratio of around 3. In
nulliparae, neuraxial analgesia was associated with a
shorter first stage when administered between 7 and 11 h
after labour onset; the later it was performed, the less likely
was spontaneous birth and the more likely an operative
vaginal birth in nulliparae or a caesarean section in mul-
tiparae. The start of oxytocin augmentation was associated
with acceleration towards both full dilatation and caesarean
section during first stage and an increased risk of operative
vaginal birth during second stage. The later oxytocin
augmentation started, the more likely it was that sponta-
neous birth would be retarded in multiparous women.
Conclusions Applying amniotomy, oxytocin and neur-
axial analgesia at their optimal timing may improve the
progress and outcome of labour.
Keywords Amniotomy  Augmentation with oxytocin 
Labour duration  Neuraxial analgesia  Time-to-event
analysis
Introduction
Intrapartum interventions are intended to improve the
progress of labour. While their impact on mode of birth has
been analysed for decades [1], the timing of intrapartum
interventions has been studied only in terms of early or late
application [2, 3].
With regard to neuraxial analgesia, there has recently
been a shift towards a more individual approach that takes
the wishes of the mother into account [4]. Early neuraxial
analgesia does not increase the risk of caesarean delivery
and is able to shorten the first stage [2, 4–6]. There are no
longitudinal studies examining whether its effect is con-
stant over time or varies with timing, or how these effects
might be related to the risk of a caesarean section being
required.
Intravenous oxytocin augmentation is usually adminis-
tered to expedite labour. Until now, oxytocin has rarely
been assessed as an isolated intervention in randomized
trials [7, 8]. Oxytocin administration is associated with a
significantly higher risk of an instrumental delivery or an
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emergency caesarean [8, 9]. No data on how these out-
comes are related to the timing of oxytocin administration
is yet available. Oxytocin is also widely used to compen-
sate for the slowing effect of neuraxial analgesia during
labour [9, 10] or after either spontaneous or artificial rup-
ture of the membranes. According to a Cochrane review,
amniotomy does not produce any statistical difference in
the length of the first stage of labour [11]. It may reduce the
incidence of dysfunctional labour, but there is no definitive
information on whether this effect is associated with its
timing [12].
While most of these results were obtained from ran-
domized trials and systematic reviews, little is known about
how the timing of amniotomy, neuraxial analgesia and
oxytocin impacts on the process and outcome of labour
[13]. The methodological challenges of examining labour
progression have more recently been appreciated, espe-
cially in relation to clinical practise [14–17]. Observational
studies have suggested that time-constant factors such as
increased birth weight [18] or maternal age [19] are asso-
ciated with duration of labour and non-spontaneous modes
of birth. It remains uncertain how the timing of intrapartum
interventions is associated with length of labour and mode
of birth.
The aim of this paper is to study the associations
between the timing of augmentation with oxytocin, amni-
otomy and neuraxial analgesia, as well as confounders, and
the duration and mode of birth.
Methods
Data for this longitudinal cohort study in the German state
of Lower Saxony were collected in 47 maternity units
during and after births between April and October 2005
[12]. Pregnant women bearing a single viable foetus in
cephalic presentation and planning a vaginal birth were
eligible for the study. As recommended care for preterm
labour differs from that for term labour [20], the study was
limited to pregnancies of at least 34 completed weeks.
Usually, the midwife on duty in the labour ward determines
the time of the onset of labour retrospectively by reference
to the occurrence of regular or irregular contractions,
occasionally accompanied by ruptured membranes. The
onset of labour was defined as regular or irregular con-
tractions in association with increasing cervical dilatation
which was assessed by the midwife. Institutional approval
for the anonymous gathering of information was granted by
the Ethics Committee of Hannover Medical School and by
the Ethics Committee for public hospitals.
To account for possible confounders which might be
associated with labour duration or mode of birth [18, 19],
additional variables were included in the model. These
were grouped as demographic, risk-associated, induction
and infant variables. They were described as time-constant
variables, since for the individual woman these factors did
not change during labour. Women with a previous cae-
sarean section but no vaginal birth were classified as nul-
liparae. In Table 1, a descriptive analysis for durations is
presented.
Time-dependent intrapartum factors were amniotomy,
start of neuraxial analgesia [21] and start of oxytocin
augmentation. Midwives are the main care provider during
the process of labour. If they determine that analgesia
during labour is indicated, they will suggest this to the
physician. There is no routine vaginal examination ahead
of an intervention [12]. Epidural catheter technique was
used in 18 units [21]; combined spinal–epidural methods
were used only in one unit. Most of the units used bolus
injection (n = 42).
The time-dependence of these interventions was mod-
elled as an indicator function, defined on a time axis after
onset of labour and switching from 0 to 1 at the time of the
intervention. With respect to time-to-event data, full cer-
vical dilatation and spontaneous birth were taken as the
events concluding the first and second stages, respectively.
Caesarean during first or second stage and operative vag-
inal birth were regarded as alternative endpoints. As all
these events are regarded as competing risks in the analy-
sis, no censoring was necessary.
Time-to-event analysis was applied as a generalization
of Cox regression to examine associations between time-
dependent and time-constant factors and the competing
risks of the various endpoints [22]. In this approach,
throughout the birth process the possible transitions into
one of the endpoints under consideration (i.e. spontaneous
birth, caesarean section or operative vaginal birth) were
modelled as time-related transition probabilities or ‘‘haz-
ards’’. These hazards may vary, depending on the values of
their time-dependent or time-constant covariates. The
change in the hazards resulting from covariates is measured
as the hazard ratio (HR), which denotes the relative change
in the hazard if the covariate is changed by ?1 in the units
of the covariate scale. Thus, HR = 2 indicates a doubling
of the hazard for the specified endpoint when the value of
the covariate changes from 0 to 1.
The study was designed to detect a hazard ratio of 1.2 at
the level alpha (two-sided) = 0.05 with a power of 80 %.
Therefore, the necessary number of events was calculated
at 944. It was intended to achieve the same power for
events of a 50 % probability. Thus the target number of
labours to be analysed among nulliparae and parae was
n = 1,888 in each case.
Variable selection for time-constant factors was per-
formed in a two-stage procedure. Firstly, first and second
stages were analysed separately without the time-dependent
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Table 1 Description of variables
Nulliparae n = 2,090 Multiparae n = 1,873
Time-constant factors
Demographic factors
Maternal age in years—Md (min–max) 28 (14–46) 31.5 (18–46)
Parity (2 [= reference] vs. 3; [4) {n (%)} n/a 1,149 (61.3)
484 (25.8)
210 (12.8)
Risk-associated factors
Difference from EDD in days—Md (min–max) 0 (-42, ?14) -0.5 (-40, ?18)
No risks in medical history {n (%)} 1,169 (55.9) 1,007 (53.8)
No prolonged pushing due to previous disease {n (%)}a 12 (0.6) 6 (0.3)
Diabetes mellitus {n (%)} 13 (0.6) 18 (1.0)
Smoking {n (%)} 117 (5.6) 137 (7.3)
Obesity {n (%)} 83 (3.8) 100 (5.3)
VBAC status {n (%)} 211 (10.1) 91 (0.5)
Spontaneous rupture of membranes before onset of labour {n (%)},
md in hours (min in min–max in days)
531 (25.4), 6.5 (2 min–91.94 d) 296 (15.8), 4.25 (5 min–7.75 d)
Meconium-stained liquor before onset of labour {n (%)} 30 (1.4) 14 (0.7)
Foetus/infant
Birth weight in gram—md (min–max)2 3,420 (1,720–5,370) 3,530 (1,760–5,240)
Length in cm—md (min–max)2 52 (40–60) 52 (38–63)
Head circumference in cm—md (min–max)2 35 (25.5–41) 35 (27–39.5)
Sex female (reference = male) {n (%)}b 1,065 (51.0) 952 (50.9)
Induction
Overall {n (%)} 612 (29.3) 460 (24.6)
Prostaglandin {n (%)} 346 (16.6) 238 (11.4)
Oxytocin {n (%)}c 138 (6.6) 146 (7.8)
Castor oil {n (%)} 150 (7.2) 138 (7.4)
Misoprostol {n (%)} 93 (4.5) 62 (3.0)
Amniotomy {n (%)}c 23 (1.1) 22 (1.2)
Time-dependent intrapartum factors
Amniotomy {n (%)}d 718 (34.4) 782 (41.8)
Onset of labour until amniotomy in hours—md (min/max) 5.73 (0.00/74.92) 3.67 (0.00/98.00)
Amniotomy until birth in hours—md (min/max) 2.3 (0.67/9.90) 0.6 (0.02/8.38)
Oxytocin {n (%)}d 1,096 (52.44) 505 (26.96)
Onset of labour until oxytocin in hours—md (min/max) 6.00 (0.0/54.42) 4.08 (0.0/98.17)
Oxytocin until birth in hours—md (min/max) 3.17 (0.05/17.12) 1.42 (0.02/16.67)
Epidural {n (%)} 727 (34.8) 233 (12.4)
Onset of labour until epidural in hours—md (min/max) 4.5 (-5.78/51.17) 3.17 (-4.2/28.55)
Epidural until birth in hours—md (min/max) 5.18 (0.27/14.55) 2.83 (0.25/10.27)
Endpoints
Duration of labour in vaginal birthse
First stage (hours)—md (min/max)f 7.75 (0.17/75.3) 4.17 (0.08, 101.6)
Second stage (hours)—md (min/max)g 0.75 (0.03/5.02) 0.20 (0.02/3.63)
Labour duration (hours)—md (min/max)e 8.58 (0.53/75.60) 4.50 (0.05/101.65)
Mode of birth
Spontaneous 1,497 (71.6) 1,764 (94.2)
Operative vaginal birth 216 (10.3) 31 (1.7)
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variables, using common Cox regression. For each domain
(e.g. the demographic) the variables were analysed to screen
for factors that were significant on a multivariate level
within their domain. Secondly, the significant time-constant
factors and the three time-dependent variables were inclu-
ded in the generalized Cox regression model. In the model
all variables were included in a linear additive manner.
Interactions were included for the time-dependent variables
only. A backward variable selection procedure using a cut-
off level for inclusion of a = 5 % was applied here too. The
final models are presented in Table 2.
For the statistical analysis the software packages SPSS
Version 14.0 [23] and TDA [24] were used. R24 was used
for the graphic demonstration of the results [25].
Table 2 Generalized Cox regression model after backward selection by stage of labour
Row Start of episode End of episode Variable Nulliparae Multiparae
HR CI 95 % HR CI 95 %
1 Labour onset Full dilatation Intrapartum amniotomy 2.73 2.43–3.06 6.61 4.66–9.37
2 Intrapartum amniotomy * time 0.71 0.59–0.88
3 Intrapartum oxytocin * time 1.28 1.21–1.35 1.15 1.07–1.23
4 Neuraxial analgesia 0.52 0.32–0.83 0.85 0.73-0.99
5 Neuraxial analgesia * time 1.38 1.11–1.72
6 Labour onset CS during first stage Intrapartum amniotomy 1.60 1.21–2.18
7 Intrapartum oxytocin 2.21 1.65–2.97
8 Intrapartum oxytocin * time 1.69 1.27–2.24
9 Neuraxial analgesia * time 1.37 1.22–1.55 1.46 1.09–1.94
10 Full dilatation Spontaneous birth Intrapartum amniotomy 1.19 1.07–1.33 2.23 1.59–3.13
11 Intrapartum amniotomy * time 0.72 0.59–0.87
12 Intrapartum oxytocin * time 0.90 0.85–0.96
13 Neuraxial analgesia 0.46 0.41–0.52
14 Neuraxial analgesia * time 0.71 0.65–0.77
15 Full dilatation Operative vaginal birth Intrapartum amniotomy 0.43 0.19–0.99
16 Intrapartum oxytocin 2.46 1.73–3.50 2.90 1.33–6.33
17 Neuraxial analgesia 0.08 0.01–0.43
18 Neuraxial analgesia * time 2.84 1.37–5.89
19 Full dilatation CS during 2nd stage Intrapartum oxytocin 2.52 1.39–4.59
20 Neuraxial analgesia * time 2.70 1.40–5.21
Adjusted for time-constant factors
Table 1 continued
Nulliparae n = 2,090 Multiparae n = 1,873
Caesarean section during first stage 296 (14.2) 65 (3.4)
Caesarean section during second stage 81 (3.9) 13 (0.8)
Retrospective documentation (ref. = prospective) {n (%)} 1,480 (70.8) 1,314 (70.2)
Md median, EDD estimated due date, VBAC vaginal birth after caesarean, d day, n/a not applicable, max maximum, min minimum, ref. reference
a No. of Nulliparae (Np)/Multiparae (Mp): n = 2,090/n = 1,872
b No. of Np/Mp: birth weight: n = 2,089/n = 1,872; length: n = 2,087/n = 1,872; head circumference: n = 2,086/n = 1,869; sex: n = 2,088/
n = 1,872
c Administered before onset of labour
d Administered at/after onset of labour
e n = 593 Np/n = 109 Mp censored due to operative vaginal delivery or caesarean section. Cases with negative or missing times are ignored
with Kaplan–Meier estimation (n = 3 Mp)
f n = 593 Np/n = 109 Mp censored due to caesarean section. Cases with negative or missing times are ignored with Kaplan–Meier estimation
(n = 3 Mp)
g n = 297 Np/n = 47 Mp censored due to operative vaginal delivery or caesarean section. Cases with negative or missing times are ignored with
Kaplan–Meier estimation (n = 296 Np, n = 65 Mp)
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Results
Nulliparae (n = 2,090) and parae (n = 1,873) were ana-
lysed. An intrapartum amniotomy was performed in more
than one-third of all nulliparae (34.4 %) and nearly half of
all parae (41.8 %, Table 1). Oxytocin augmentation was
performed nearly twice as frequently in nulliparae (52.4 %)
as in parae (27 %). Its median initiation was 6 h after the
onset of labour in nulliparae and 4 h in parae. The median
time from the start of augmentation with oxytocin until
birth was shorter in parae (nulliparae median 3.2 h, parae
median 1.4 h). Neuraxial analgesia was administered in
one-third (34.8 %) of nulliparae and 12.4 % of parae. The
median time between onset of labour and neuraxial anal-
gesia was 4.5 h in nulliparae and 3.2 h in parae. The
median interval between the administration of neuraxial
analgesia and birth was 5.2 h in nulliparae and 2.9 h in
parae.
First-stage factors associated with labour progression
and mode of birth
The start of augmentation with oxytocin was associated
with acceleration of the progression towards both the pre-
defined endpoints, full dilatation and caesarean section
(Figs. 1, 2, 3; Table 2, row 3). For nulliparae, oxytocin
augmentation was associated with a permanently higher
risk of undergoing a caesarean section, indicated by a
hazard ratio of 2.2 (Fig. 2; Table 2, row 7).
The timing of neuraxial analgesia placement was associ-
ated with prolonged first-stage labour in parae (Fig. 3;
Table 2, row 4). In nulliparae, neuraxial analgesia was
associated with a prolonged first stage when administered
during the first 7 h of labour and an accelerated first stage
when administered after 7 h (Fig. 1; Table 2, rows 4, 5).
Most importantly, the later neuraxial analgesia was applied
in both nulliparae and parae, the more the risk of a caesarean
section during first stage increased as compared to those
women without neuraxial analgesia (Fig. 2; Table 2, row 9).
The first stage was accelerated when an amniotomy was
performed as compared to those women who had already
experienced spontaneous rupture of membranes before or
after onset of labour, as well as to those whose membranes
were still intact (Figs. 1, 3; Table 2, rows 1, 2). However,
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Fig. 1 Plotted graph of the effects of amniotomy, oxytocin and
neuraxial analgesia on first stage duration (onset of labour—full
dilatation) in nulliparae. Given that the individual has not reached the
specific endpoint, a hazard ratio [1 at a certain time t indicates an
immediately increased relative risk of a transition to the specified
endpoint. Estimates are adjusted for confounders, see Table 2 for
detailed results
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Fig. 2 Plotted graph of the effects of amniotomy, oxytocin and
neuraxial analgesia on caesarean section during first stage in
nulliparae. Given that the individual has not reached the specific
endpoint, a hazard ratio [1 at a certain time t indicates an
immediately increased relative risk of a transition to the specified
endpoint. Estimates are adjusted for confounders, see Table 2 for
detailed results. Nulliparae; onset of labour—caesarean section during
first stage
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Fig. 3 Plotted graph of the effects of amniotomy, oxytocin and
neuraxial analgesia on first stage duration (onset of labour—full
dilatation) in parae. Given that the individual has not reached the
specific endpoint, a hazard ratio [1 at a certain time t indicates an
immediately increased relative risk of a transition to the specified
endpoint. Estimates are adjusted for confounders, see Table 2 for
detailed results
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for nulliparae this observation was accompanied by a
constant increase in the hazard ratio to 1.6 for an emer-
gency caesarean section during first stage (Fig. 2; Table 2,
row 6). In parae, the initial 6.6-fold acceleration of the first
stage declined until the hazard ratio was around 3.5 where
the intervention was performed 5 h after the onset of
labour; thereafter, acceleration continued with a hazard
ratio of around 3 (Fig. 3; Table 2, rows 1, 2). This means
that the degree of acceleration associated with amniotomy
varied over time, but that in parae there was some accel-
eration in the progress of labour throughout its course.
Second-stage factors associated with labour progression
and mode of birth
When oxytocin augmentation was applied, increasing risks
of an operative vaginal birth in both nulliparae and parae
(row 16 in Table 2) and of a caesarean section in nulliparae
were observed (row 19). However, the later oxytocin was
started in parae, the more likely it was that spontaneous
birth would be prolonged (Fig. 5; Table 2, row 12).
Nulliparae with neuraxial analgesia experienced a longer
second stage (Table 2, row 13) but a decreased likelihood of
operative vaginal birth when the neuraxial analgesia was
administered during the first 11 h of labour (Fig. 4; Table 2,
rows 17, 18). Conversely, the risk of an operative vaginal
birth increased in nulliparae when neuraxial analgesia was
administered more than 11 h after onset of labour (rows 17,
18). In parae, the later neuraxial analgesia was performed,
the less likely it was that a spontaneous birth would occur
(Fig. 5; Table 2, row 14) and the more likely that a cae-
sarean would be performed (row 20).
Amniotomy increased the tendency for a spontaneous
birth in both nulliparae and parae (Table 2, row 10). In
parae, the degree of association decreased the later the
amniotomy was performed, eventually having the opposite
effect after 10 h (Fig. 5; Table 2, row 11). With parae, the
risk of an operative vaginal birth was lower after amniot-
omy compared to those parae with spontaneous membrane
rupture or no amniotomy (row 15).
Time-constant factors during first and second stage
The effects of amniotomy, the start of augmentation with
oxytocin infusion and the first administration of neuraxial
analgesia were adjusted for time-constant factors (Table 1).
Discussion
According to our observations, the administration of
amniotomy, oxytocin initiation or neuraxial analgesia
alters the chance that women receiving them will give birth
within a certain time as compared to women not receiving
such interventions. The chance concerning birth mode is
altered as well. However, these observations need to be
interpreted carefully, as interventions are often undertaken
due to maternal arrest during labour. Thus, it should be
emphasized that we are reporting evidence of time-related
associations and not definitive causal relationships between
time-dependent interventions and the duration of labour or
mode of birth. According to our results, oxytocin initiation
is associated with an increased risk of adverse outcomes,
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Fig. 4 Plotted graph of the effects of amniotomy, oxytocin and
neuraxial analgesia on second stage duration before operative vaginal
mode of birth in nulliparae. Given that the individual has not reached
the specific endpoint, a hazard ratio[1 at a certain time t indicates an
immediately increased relative risk of a transition to the specified
endpoint. Estimates are adjusted for confounders, see Table 2 for
detailed results. Nulliparae, full dilatation—vaginal-operative birth
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Fig. 5 Plotted graph of the effects of amniotomy, oxytocin and
neuraxial analgesia on second stage duration before spontaneous birth
in parae. Given that the individual has not reached the specific
endpoint, a hazard ratio [1 at a certain time t indicates an
immediately increased relative risk of a transition to the specified
endpoint. Estimates are adjusted for confounders, see Table 2 for
detailed results. Parae, full dilatation—spontaneous birth
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which could be due to the drug itself [7] or to the con-
founding effects of an indication. As far as the timing of
neuraxial analgesia administration is concerned, in nulli-
parae prolongation decreases and reverses into acceleration
after approximately 7 h. Whether this is due to or at odds
with the durational aspect of labour remains unclear.
Quantifying the timing of membrane rupture in relation
to the birth process is a new approach for investigating
labour duration. Contrary to the findings of a Cochrane
review [11], earlier amniotomy results in the earlier
achievement of full cervical dilatation in parae. These
results demonstrate the need for a randomized controlled
trial in which continuously measured amniotomies would
be compared with other amniotomies divided into an early
and a late group.
As with many interventions, their application is always a
question of balancing risk and benefit for the woman and
her unborn child. Due to the fact that all women in labour
were at risk, irrespective of whether they finally experi-
enced a spontaneous or a non-spontaneous mode of birth,
we were able to weigh the risks of selected interventions in
relation to alternative endpoints. Cohort studies are able to
consider various, but unfortunately not all, factors
impacting on labour. Among the limitations of the study
are: lack of cervical dilation data, lack of information on
uterine contractions, lack of data on foetal head staging,
imprecision in defining the onset of labour, lack of data
regarding oxytocin dose and titration, lack of information
regarding type and drug concentration of neuraxial anal-
gesia, inclusion of VBAC patients, lack of data regarding
indications for interventions and non-inclusion of all eli-
gible patients. In addition it has to be taken into account
that variables with a significantly altered hazard ratio may
not be clinically relevant.
The particular strength of our study lies in the combi-
nation of a longitudinal methodological approach with a
dynamic environment. This is relevant if interventions have
already been proved to be causally related to labour dura-
tion and birth outcome. Time-to-event analysis is a prom-
ising technique to analyse the timed sequence of
interventions during labour [26]. Although our current
results are based on a cohort, they have the potential to
improve best practise during labour if validated in clinical
trials. The degree of association of amniotomy, oxytocin
and neuraxial analgesia with the length of the first or sec-
ond stage of labour changes over time. In some situations,
the effect actually reverses direction. These time-related
effects should be considered and studied further to enhance
the effectiveness of care during labour and improve birth
outcomes.
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